The ductus venosus, a short, trumpet-shaped vein with a maximum diameter of 2 mm, links the persisting left umbilical vein and the portal vein directly to the inferior vena cava. In this position, it functions as an important regulator of the fetal circulation. Under normal circumstances, approximately 20% to 30% of the umbilical venous blood bypasses the liver through the ductus venosus. 1 By means of a "sphincter" in its isthmic portion, the vessel is able to regulate the proportion of the umbilical venous return and to protect the fetal heart from excessive blood flow from the placenta. Hemodynamically, the narrowing of the ductus venosus lumen results in an altered blood flow pattern: the continuous low-velocity (mean, 15 cm/sec) umbilical venous blood flow is transformed within the ductus venosus into a pulsatile high-velocity jet, with peak flows up to 75 cm/sec. This flow acceleration may give the highly oxygenated umbilical venous blood sufficient momentum to preferentially stream across the foramen ovale to the left heart, the coronary arteries, and the brain without extensive mixing with the low-oxygenated inferior vena cava blood. 2 Congenital absence (agenesis) of the ductus venosus may have significant hemodynamic consequences for the developing fetus. Ductus venosus agenesis may manifest itself without and with anatomic variations of the umbilical venous connection. In the former situation, the ductus venosus is absent despite a normal course of the umbilical vein, which drains properly into the left branch of the intrahepatic portal vein, but there is no communication with the persistent proximal part of the right vitelline vein. This intrahepatic form of ductus venosus agenesis may result in an overperfusion of the liver sinusoids and may induce portal congestion and fetal hydrops. [3] [4] [5] In a second morphologic pattern, the absence of the ductus venosus is associated with the drainage of a left or a persisting right umbilical vein into an internal iliac vein, 6-12 the inferior vena cava, 13,14 or directly into Geneva, Switzerland, Montreal, Quebec, and Toronto, Ontario, Canada, and Paris, France OBJECTIVE: We sought to study the clinical and ultrasonographic findings and outcomes of fetuses with ductus venosus agenesis as the result of extrahepatic umbilical vein drainage. STUDY DESIGN: This was an observational study of 12 fetuses who were diagnosed with these anomalies between 1995 and 2001. RESULTS: The umbilical vein drained either directly into the right atrium (n = 7 fetuses), the inferior vena cava (n = 3 fetuses), or the iliac vein (n = 2 fetuses). Combined cardiac output (n = 8 fetuses) was nearly 2-fold increased to 891 ± 210 mL/kg per minute. Other relevant findings were (1) considerable umbilical vein enlargement (12/12 cases; range, 8-13 mm) with an accelerated (peak, 0.53 ± 0.1 m/s), (2) pulsatile Doppler flow pattern within its intra-abdominal course, (3) cardiomegaly (12/12 fetuses), (4) secundum atrial septal defects (5/12 fetuses), (5) extracardiac anomalies (5/12 fetuses), (6) polyhydramnios (4/12 fetuses), and (7) progressive heart failure (3/12 fetuses). Two fetuses died: 1 death was unexplained at 29 weeks of gestation; the other death from hydrops occurred after delivery at 32 weeks of gestation. So far, none of the survivors have had other long-term sequelae that were related to ductus venosus agenesis. CONCLUSION: Careful assessment of the umbilical venous return and the ductus venosus should be part of the routine evaluation of every fetus with heart failure and polyhydramnios. (Am J Obstet Gynecol 2002;187:1031-7.) 
The ductus venosus, a short, trumpet-shaped vein with a maximum diameter of 2 mm, links the persisting left umbilical vein and the portal vein directly to the inferior vena cava. In this position, it functions as an important regulator of the fetal circulation. Under normal circumstances, approximately 20% to 30% of the umbilical venous blood bypasses the liver through the ductus venosus. 1 By means of a "sphincter" in its isthmic portion, the vessel is able to regulate the proportion of the umbilical venous return and to protect the fetal heart from excessive blood flow from the placenta. Hemodynamically, the narrowing of the ductus venosus lumen results in an altered blood flow pattern: the continuous low-velocity (mean, 15 cm/sec) umbilical venous blood flow is transformed within the ductus venosus into a pulsatile high-velocity jet, with peak flows up to 75 cm/sec. This flow acceleration may give the highly oxygenated umbilical venous blood sufficient momentum to preferentially stream across the foramen ovale to the left heart, the coronary arteries, and the brain without extensive mixing with the low-oxygenated inferior vena cava blood. 2 Congenital absence (agenesis) of the ductus venosus may have significant hemodynamic consequences for the developing fetus. Ductus venosus agenesis may manifest itself without and with anatomic variations of the umbilical venous connection. In the former situation, the ductus venosus is absent despite a normal course of the umbilical vein, which drains properly into the left branch of the intrahepatic portal vein, but there is no communication with the persistent proximal part of the right vitelline vein. This intrahepatic form of ductus venosus agenesis may result in an overperfusion of the liver sinusoids and may induce portal congestion and fetal hydrops. [3] [4] [5] In a second morphologic pattern, the absence of the ductus venosus is associated with the drainage of a left or a persisting right umbilical vein into an internal iliac vein, 6-12 the inferior vena cava, 13, 14 or directly into the right atrium. [10] [11] [12] 15 Since the liver is entirely bypassed, the umbilical venous blood flow to the heart becomes unrestricted, which may result in fetal congestive heart failure. So far, the literature on this entity is mainly anecdotal and is made either of necropsy data, isolated case reports, or small case series. To improve our knowledge of the extrahepatic form of ductus venosus agenesis, the experience of 4 fetal echocardiographic referral programs have been combined, with the objectives of clarifying the anatomic and clinical presentations, echocardiographic features, and outcomes of the affected fetuses.
Methods
We reviewed the databases of the 4 participating programs for the years 1995 to June 2001 and identified all cases in which a diagnosis of ductus venosus agenesis had been made. Cases with left atrial isomerism were excluded. Prenatal and, when available, postnatal ultrasonographic and echocardiographic examinations and the clinical records (including autopsy reports) were reviewed.
Fetal echocardiographic studies were performed with the use of either Acuson 128 XP/10c Acuson Sequoia, (Mountain View, Calif) or Advanced Technology Laboratory (Bothhell, Wash) ultrasound systems with 3.5-and 5-MHz transducers. The ultrasound techniques of fetal cardiac imaging and measurements have been reported elsewhere. [16] [17] [18] All echocardiographic studies had been recorded on video tapes for off-line analysis. In each case, fetal cardiovascular morphologic features were first studied. Heart size was assessed on the basis of the 4-chamber heart circumference/chest circumference ratio (cardiothoracic circumference ratio: normal, <0.5). 19 Calculated variables of systolic performance included ventricular shortening fraction (diastolic-systolic diameters/diastolic diameter); in 8 fetuses, cardiac output measurements at the time of diagnosis and towards the end of gestation were included. Left and right ventricular outputs were calculated as blood flow volume per minute through the aortic and pulmonary valve orifices using the formula: cardiac output = mean flow velocity integral · valve area · heart rate. Doppler sample volumes were located in the great arteries immediately distal to the semilunar valves with a Doppler beam parallel to the long axis of the aorta or pulmonary artery. This method has been shown to provide accurate estimations of left and right ventricular outputs. 18, 20 Cardiac output was corrected for fetal weight or, where applicable, for birth weight. The fetal weight was estimated with head, abdominal diameter, and femur length ultrasound biometry, which were available at the time of echocardiography. 21, 22 The fetoplacental circulation was assessed by 2-dimensional, pulsed and color Doppler flow ultrasound techniques. These important tools helped to clarify the abdominal course, the connection, and the blood flow velocity profile of the venous return from the placenta. The observed velocity waveforms were classified as continuous, monophasic, biphasic, or triphasic. 23 The internal umbilical vein diameter was measured intra-abdominally by 2-dimensional ultrasonography. Umbilical arterial pulsatility indices were obtained at the fetal end of an umbilical artery. 24 The results are expressed either as numbers, frequencies, or mean ± SD, as appropriate.
Results
Twelve fetuses (6 male, 6 female) with a diagnosis of extrahepatic umbilical vein drainage and ductus venosus agenesis were identified at a mean gestational age of 27 ± 4.7 weeks (mean ± SD; range, 19-34 weeks). The reasons for referral encompassed at least 1 of the following observations made during obstetric ultrasound examination: polyhydramnios, 4; umbilical vein dilatation, 4; cardiomegaly, 7; ascites, 1; and hepatomegaly, 1. The characteristics of these 12 cases are outlined in Table I and are compared with the findings of the 17 previously published cases. [9] [10] [11] [12] [13] [14] Umbilical vein anomalies. The fetuses of the present study demonstrated 3 different variants of extrahepatic umbilical vein connections: in 7 fetuses the umbilical vein drained directly into the right atrium; in 3 fetuses the umbilical vein drained into the suprahepatic part of the inferior vena cava; and in 2 fetuses the umbilical vein drained into an internal iliac vein. In general, the umbilical veins were widened, with vessel diameters that ranged between 8 and 13 mm in the last trimester. There was no narrowing of the umbilical vein in its intra-abdominal course that might have indicated the presence of a ductus venosus. In the fetus with direct umbilical vein drainage into the right atrium or inferior vena cava, pulsed Doppler blood flow analysis of the umbilical vein revealed either a continuous or, more commonly, a monophasic blood flow pattern at its fetal insertion site, which then became biphasic in the intra-abdominal portion of the vein. This intra-abdominal biphasic umbilical vein blood flow waveform resembled the pattern that is found usually in the ductus venosus; there was continuous antegrade blood flow throughout the cardiac cycles that reached mean peak velocities of 0.53 ± 0.1 m/sec (range, 0.4-0.8 m/sec) during the ventricular systole, which was lower than expected in a ductus venosus but higher than in a normally connected umbilical vein. Both the increase in umbilical vein diameter and the increase in blood flow/time integrals indicated an augmentation in umbilical venous return and fetal cardiac preload.
Cardiac findings. Cardiomegaly was a consistent finding, with cardiothoracic circumference ratios of 0.66 ± 0.04 (range, 0.6-0.74). Case 12 had congestive heart failure at diagnosis (ascites, mild pericardial effusion, severe cardiomegaly); severe hydrops appeared in case 2 within 4 weeks of diagnosis. Progressive cardiomegaly was observed in case 3, who was subsequently delivered at 32 weeks of gestation. All 4 cardiac chambers were dilated in 11 of the 12 fetuses, with one exception: in case 5, presenting at 27 and 31 weeks of gestation with a direct extension of the umbilical vein into an iliac vein, and the right ventricle was found hypertrophied and moderately hypoplastic in the absence of an obvious right ventricular inflow or outflow tract anomaly. Ventricular contractility was either normal or increased, with left ventricular shortening fractions of 39.2% ± 8.1% (range, 32%-52%). None of the fetuses had more than trivial atrioventricular valve regurgitation. Table II shows the findings of the 8 fetuses in whom complete hemodynamic studies that included cardiac output measurements were available. In the nonhydropic cases with agenesis of the venous duct, the combined cardiac output was increased to 891 ± 210 mL/kg per minute. This was 178% ± 42% higher than previously reported fetal combined cardiac output of normal pregnancies, which remains stable at approximately 500 mL/kg per minute throughout gestation. 16, 25 Case 2 was delivered severely hydropic at 31 weeks of gestation; therefore, her output was not corrected for the weight. With 1 exception (case 10), the right ventricular stroke volume per minute (left cardiac output [RCO]) was higher than the left cardiac output (LCO), which resulted in an RCO/LCO ratio of 1.65 ± 0.5. Right ventricular output surpassed the 95% confidence limits of normal values for gestation in all fetuses (n = 7) who had undergone cardiac output measurements between 25 and 32 weeks of gestation (Fig 1) . Nevertheless, the RCO became normal in 3 of these 7 fetuses on follow-up echocardiographic studies, which were obtained within 0 to 4 weeks of delivery. By contrast, the LCO persisted predominantly in a normal or mildly elevated range throughout the second and last trimester (Fig 2) . Pulmonary arterial peak flow velocities (at 27.9 ± 2.3 weeks of gestation, 0.82 ± 0.2 m/sec; at 35 ± 2.7 weeks of gestation, 1.02 ± 0.4 m/sc) and aortic peak flow velocities (at 27.9 ± (Table II) with ductus venosus agenesis and extrahepatic umbilical vein connection, compared with the gestational-matched normal values for cardiac output (median and 95% confidential limits). 23 With the exception of case 10, the RCO always exceeded the LCO, which resulted in a mean RCO/LCO ratio of 1.65 ± 0.5.
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2.3 weeks of gesttion, 0.85 ± 0.4 m/sec; at 35 ± 2.7 weeks of gestation, 1.2 ± 0.4 m/sec) were elevated consistently above gestational age-matched normal peak flow values (maximal values near term: pulmonary arterial peak flow, 0.7 ± 0.1 m/sec; aortic peak flow, 0.8 ± 0.1 m/sec). 26 Umbilical arteries. There was a 2-vessel umbilical cord in a fetus with umbilical vein to right atrium drainage (case 9). The umbilical arterial systolic-to-diastolic velocity ratios were in the normal range in the hemodynamically compensated fetus with ductus venosus agenesis (pulsatility index at the fetal end, 0.96 ± 0.1 at 27 ± 4 weeks; 0.71 ± 0.07 at 37 ± 1 weeks). Elevated pulsatility indices (>1.4) that indicated increased vascular resistance at the placental level were demonstrated in the 2 fetuses with signs of hydrops (case 2 at 31 weeks, 1.51; case 12 at 29 weeks, 1.51) and in a fetus (case 10; at 38 weeks, 1.6) with evidence of subnormal right ventricular cardiac output. All 3 fetuses with abnormal pulsatility indices were delivered within the next days after the echocardiographic examination.
Clinical outcome. An adverse outcome was observed in 2 of our 4 cases with polyhydramnios. Case 2 died at day 1 of age after being delivered at 32 weeks of gestation with severe fetal hydrops. Case 5, a fetus with hypertrophic right ventricular cardiomyopathy, died spontaneously at 29 weeks of gestation; no signs of heart failure were found on necropsy. In 5 cases (42%), large secundum atrial septal defects were demonstrated either on necropsy (case 2) or on postnatal echocardiograms (cases 1, 3, 4, and 11). The 5 fetuses with atrial septal defects had either a direct umbilical vein drainage into the right atrium (3/7 cases) or into the inferior vena cava (2/3 cases). Extracardiac anomalies were documented in 5 cases (42%). This included the findings of a micropenis and labial clefts in 2 of the 6 male fetuses. Subsequent chromosomal analysis did not reveal any abnormalities. Three fetuses with umbilical vein drainage to the right atrium had anomalies of the lower systemic venous return, which were confirmed by abdominal ultrasound imaging or magnetic resonance angiography after birth. In case 10, the portal vein drained directly into the right atrium; in case 11, the portal vein was present but hypoplastic; in case 12, the hepatic part of the inferior vena cava was interrupted. The latter case required neonatal surgery because of intestinal malrotation. So far, none of the surviving 10 patients have had long-term sequelae that were related to the umbilical vein and ductus venosus anomalies.
Comment
Our retrospective fetal multicenter study represents the largest reported clinical experience with ductus venosus agenesis that is associated with aberrant extrahepatic umbilical vein drainage.
In the normal placentofetal circulation, the umbilical venous blood returning from the placenta faces 2 parallel vascular pathways, the hepatic vascular network and the ductus venosus. The returning blood flow depends on the umbilical arteriovenous pressure gradient. The venous component is influenced by the vascular resistances in the ductus venosus, in the liver parenchyma, and by the right atrial filling pressure.
Congenital absence of the ductus venosus that is associated with aberrant extrahepatic umbilical vein drainage eliminates the vascular resistances from both the liver parenchyma and the venous duct and allows placental venous blood flow to return freely into the central venous system. On echocardiography, the aberrant umbilical vein appears abnormaly distended on its course, which reflects the increased venous return from the placenta. If the umbilical vein connects directly to the inferior vena cava or to the iliac vein, these vessels are equally enlarged distally of the anastomosis. In a fetus with a normally localized ductus venosus, a considerable part of the oxygenated umbilical vein blood streams as a high-velocity jet across the foramen ovale to the left heart, which avoids extensive mixing with deoxygenated blood in the inferior vena cava and the right atrium. In the absence of the ductus venosus, such streaming is not expected to occur. On the basis of our hemodynamic findings, this may not affect fetal oxygenation because the proportion of volume flow of well-oxygenated blood that returns from the placenta increases significantly. Ultimately, this may result in a near-normal mixed-arterial blood oxygen content. On the other hand, an increase in the circulating blood volume may enhance both renal blood perfusion and the atrial secretion of natriuretic peptide, a potent diuretic and vasorelaxant peptide. 27 This may explain the polyhydramnios observed in one third of our cases of ductus venosus agenesis. The chronic volume overload of the central venous system and the cardiac chambers places a substantial burden on the fetal myocardial performance with the risk of highoutput heart failure. In fact, the first neonate with severe hydrops that was caused by ductus venosus agenesis was already reported >100 years ago. 3 The recent advent of 2-dimensional and Doppler ultrasonography now permits not only the detection of extrahepatic umbilical vein drainage and ductus venosus agenesis in utero but also provides a means of monitoring the impact of these vascular anomalies on the fetus throughout the course of pregnancy. Thus, severe heart failure that results in death has been documented in 4 of the 17 previously reported fetal cases. 10, 11, 13 We observed a similar case (case 2) of fetal hydrops at 32 gestational weeks, in whom death occurred at day 1 of life after emergency cesarean delivery. Evidence of impending heart failure resulted in the premature delivery of 2 more fetuses (cases 3 and 12) in our series.
Based on previous reports and our own findings, fetuses with ductus venosus agenesis appear to be at risk of additional cardiac and extracardiac anomalies (Table I) , which should be carefully searched for. This may include atrial septal defects, hypertrophic cardiomyopathy, facial clefts, intestinal malrotation, and additional systemic venous anomalies (as in the present study) or atrioventricular-septal defects, 9 kidney anomalies, 9 hepatic lobe necrosis, 13 Turner syndrome, 10 and Noonan syndrome, 11 as seen by others. Three recent reports suggested an increased risk of partial or complete portal vein agenesis with extrahepatic umbilical vein drainage (Table I) . [10] [11] [12] In the absence of the portal venous system, the enterohepatic circulation is modified, and the visceral venous blood is shunted directly into the systemic venous system. This may cause a variety of complications that include abnormal liver development with impaired function, focal nodular hyperplasia and hepatic tumors, hyperammonia, and, rarely, portal systemic encephalopathy. 28 At present it is impossible to delineate the long-term prognosis of cases that are associated with portal vein anomalies, on the basis of very limited data. In our own experience, most fetuses with extrahepatic umbilical vein drainage and ductus venosus agenesis did not have significant additional malformations and complications and, ultimately, had an uneventful postnatal outcome.
In conclusion, careful assessment of the ductus venosus and the umbilical vein should be part of the routine evaluation of every fetus with signs of congestive heart failure and polyhydramnios. Clues for the diagnosis of these anomalies are the demonstration of (1) an enlarged, aberrantly draining umbilical vein, (2) an accelerated biphasic Doppler blood flow pattern within the intraabdominal course of the umbilical vein, and (3) cardiomegaly and hemodynamic findings that are compatible with high cardiac output or failure.
Because fetal extraction from the uterus reverses the hemodynamic impact of the anomaly, fetuses with ductus venosus agenesis should be followed closely throughout pregnancy and delivered when there is evidence of progressive cardiovascular compromise.
Additional cardiac and extracardiac abnormalities may be associated with ductus venosus agenesis; therefore, the patient should undergo a careful clinical and ultrasonographic assessment both in utero and after birth.
